The solution structure of the growth factor chimera mEGF/ TGFa 44250 has been determined using an extended version of the DYANA procedure for calculating structures from NMR data. The backbone fold and preferred orientation of the domains of the chimera are similar to those found in previous studies of EGF structures, and several H-bonds used as input constraints in those studies were found independently in the chimera. This shows that the modified activity of the chimera does not result from a major structural change. However, the improved precision of the structure presented here allows the origin of some unusual chemical shifts found in all of these compounds to be explained, as well as the results obtained from some sitespecific mutants. Further studies of the properties of this chimeric growth factor should help to elucidate the mechanism(s) of hetero-and homodimerization of the c-erbB receptors. [8, 9] . These growth factors play important roles in cell growth and differentiation [10] through their interaction with members of the c-erbB family of receptor tyrosine kinases [11] . They are characterized by a threelooped EGF motif imposed by three highly conserved intramolecular disulfide bonds, as well as by the presence of a number of other conserved residues that have been shown to be required for biological activity [12, 13] . EGF and TGFa both show marked specificity for the EGF receptor (EGFR, c-erbB1) with binding resulting in receptor dimerization, activation of the intrinsic receptor tyrosine kinase, and initiation of intracellular signal transduction [14] . Although the EGFR is the primary site of ligand contact, recent studies have shown that the receptor dimers that form as a consequence of this interaction can be either EGFR/EGFR homodimers or EGFR/c-erbB (2,3 or 4) heterodimers [15, 16] . As a result, most structure-activity studies with EGF and TGFa have failed to address the relative contribution of specific residues to the homodimerization or heterodimerization processes. This omission has been highlighted in recent studies using mEGF/TGFa 44250 , a 49-amino-acid residue growth factor chimera in which residues 1-42 correspond to the sequence of murine EGF (mEGF 1 -42) and residues 43-49 correspond to the C-terminal tail of human TGFa (hTGFa 44 -50); this chimera was previously shown to be a superagonist when compared to EGF in mitogenesis assays using NR6/HER fibroblasts even though its relative receptor binding affinity was 1/100th that of EGF [17] . Detailed receptor binding studies confirmed that the chimera binds only weakly to the majority of cell surface EGFRs. However, a subset of sites can be detected for which the chimera retains an affinity similar to that of EGF. As these high affinity sites appear to be due to the formation of heterodimeric EGFR/c-erbB complexes [18,19], it seems likely that there are different ligand requirements for the formation of EGFR homodimers and heterodimers.
Epidermal growth factor (EGF) [1, 2] and transforming growth factor alpha (TGFa) [3] are members of a family that also includes heparin-binding EGF-like growth factor [4] , amphiregulin [5] , betacellulin [6] , epiregulin [7] and the heregulins [8, 9] . These growth factors play important roles in cell growth and differentiation [10] through their interaction with members of the c-erbB family of receptor tyrosine kinases [11] . They are characterized by a threelooped EGF motif imposed by three highly conserved intramolecular disulfide bonds, as well as by the presence of a number of other conserved residues that have been shown to be required for biological activity [12, 13] . EGF and TGFa both show marked specificity for the EGF receptor (EGFR, c-erbB1) with binding resulting in receptor dimerization, activation of the intrinsic receptor tyrosine kinase, and initiation of intracellular signal transduction [14] . Although the EGFR is the primary site of ligand contact, recent studies have shown that the receptor dimers that form as a consequence of this interaction can be either EGFR/EGFR homodimers or EGFR/c-erbB (2,3 or 4) heterodimers [15, 16] . As a result, most structure-activity studies with EGF and TGFa have failed to address the relative contribution of specific residues to the homodimerization or heterodimerization processes. This omission has been highlighted in recent studies using mEGF/TGFa 44250 , a 49-amino-acid residue growth factor chimera in which residues 1-42 correspond to the sequence of murine EGF (mEGF 1 -42) and residues 43-49 correspond to the C-terminal tail of human TGFa (hTGFa 44 -50) ; this chimera was previously shown to be a superagonist when compared to EGF in mitogenesis assays using NR6/HER fibroblasts even though its relative receptor binding affinity was 1/100th that of EGF [17] . Detailed receptor binding studies confirmed that the chimera binds only weakly to the majority of cell surface EGFRs. However, a subset of sites can be detected for which the chimera retains an affinity similar to that of EGF. As these high affinity sites appear to be due to the formation of heterodimeric EGFR/c-erbB complexes [18, 19] , it seems likely that there are different ligand requirements for the formation of EGFR homodimers and heterodimers.
In order to interpret the mechanism(s) underlying the altered receptor binding properties of mEGF/TGFa 44250 fully, it is essential to establish whether the conformation of the chimera differs from that of EGF. Several growth factors have been studied by NMR previously, because these compounds are not amenable to crystallization [20 -29] ; they form looped structures stabilized by three disulfide bridges, with a pronounced antiparallel beta sheet formed in the longest loop. These characteristics present a challenge for solution structure determination, and the relative orientation of the N-and C-terminal regions is particularly difficult to define. The 1 H NMR spectrum of the chimera appears to be broadly similar to those published for EGF, including a broad line of single-proton intensity at about 0.5 p.p.m., hence the conformation is likely to be similar. However, chemical shift calculations based on published structures do not agree well with observed values. A preliminary solution structure of the chimera [30] confirmed the similarity to native forms but left open the question of the precise details of the structure that give rise to the characteristic patterns of chemical shifts. Therefore, the spectra were re-examined and a much larger number of constraints was used to determine a refined structure, which is presented here.
Artificial hydrogen-bond constraints are often used to define secondary structural elements. However, indirect experimental evidence of the existence of H-bonds such as exchange rates and temperature dependence of amide proton chemical shifts presents difficulties because the H-bonds do not necessarily exist simultaneously in a dynamic structure and the acceptor may not be unique [31] . Predefined H-bonds were not used in this study, so that the quality of the structure can be tested in relation to exchange rate data.
Interproton distances derived from NOEs may also be impossible to fit to a single set of coordinates if the molecule is conformationally heterogeneous, but a more serious problem arises in the process of selecting NOEs and converting their intensities to distances, as this often involves a degree of subjectivity. Therefore, we have calculated structures using interproton constraints that are derived directly from NOE volumes, with experimental errors used to estimate both upper and lower bounds. This procedure has been applied successfully to rotating frame NOE (ROESY) data [32, 33] as well as to NOESY data [34] [35] [36] [37] , and is implemented here in an extended version of the program DYANA [38] , referred to as INDYANA (intensity-DYANA) [36] , in which the conversion from the measured NOE intensities to distances is fully automatic. The use of minimum-distance constraints yields a large increase in the amount of experimental information because upper limits for NOE intensities may be obtained even in the presence of degenerate chemical shifts or overlapping cross peaks. Furthermore, consistency with experimental data is improved because structures based on upper-limit distances alone allow protons to come into van der Waals contact with each other even if the experimental spectra show clearly that there is no NOE between them.
M A T E R I A L S A N D M E T H O D S

Growth factor production
The chimera, mEGF/TGFa 44250 , and wild-type mEGF were produced in Pischia pastoris using the pPIC9 vector from Invitrogen BV, Leek, the Netherlands. Following growth to mid-log phase in buffered minimal medium containing 1% (v/v) glycerol as a noninducible carbon source, cells were concentrated 10-fold before induction by daily addition of 0.5% (v/v) methanol for 3 days. After purification and characterization as previously described [17] , this protocol yielded 38 mg of growth factor per litre of medium.
NMR Experiments
A 3 mM solution in 90%H 2 O/10% 2 H 2 O at pH 3 was used for the NMR experiments. Spectra were recorded on a Varian VXR500 spectrometer operating at 499.84 MHz. A NOESY spectrum [39] was recorded with a 100-ms mixing time at 20 8C, with 4096 points and a spectral width of 7 kHz for each transient, and 1024 increments with TPPI [40] to give a spectral width of 14 kHz in the second dimension. A TOCSY spectrum [41] with 60 ms of spin lock and a DQF-COSY spectrum were recorded under the same conditions.
Determination of volume constraints
Each NOESY cross peak, or cluster of overlapping peaks, was integrated using the program XEASY [42] together with areas of baseline either side of the peak in the F 1 dimension to correct any offset. Additional volumes were measured at positions predicted on the basis of preliminary calculated structures, even if there was no visible cross peak. The upper limit volumes (upv ) and lower limit volumes (lov ) were estimated as described previously [36] , with a minimum uncertainty defined as three times the standard deviation of all of the baseline integrals, which is roughly equivalent to the intensity of the smallest recognizable peaks. Several of the weakest peaks yielded a negative lov that gave no meaningful upper distance limit. The lov was also discarded if the cross peak comprised contributions from degenerate protons; this is less restrictive than the 'sum' function in X-PLOR [43] , but it involves no additional complexity in computation.
Constraints involving resolved prochiral protons are handled by INDYANA in a manner similar to the original DYANA program in the absence of a stereospecific assignment, except that the fixed distances between the protons and pseudoatoms are included in the target function calculation together with the converted volume. Degenerate methylene or isopropyl proton signals are treated similarly, but the single available upv applies to both, and the lov, used as a basis for a fixed distance offset, is set to one half of the measured lov. Aromatic protons, such as Tyr Hd and H1, are a special case because, although rapid ring flips usually render the protons equivalent, the fixed distance between them is large enough for many NOEs to be assigned to one or other side of the ring. Each NOE may be 'pseudostereospecifically assigned' individually [44, 45] , which is achieved by having two sets of proton labels for each ring; one set that is treated by the program as stereo pairs and another that is recognized as unique. This procedure provides direct information about ring orientations, which is not possible if constraints are applied to pseudoatoms on the C 2 axis of a ring. This is in accordance with the observation that aromatic groups are usually well defined in crystal structures even when NMR shows that they undergo rapid 1808 flips.
Automatic distance calibration
A relation of the form r ¼ k/ n p V was used to convert NOE volumes into interproton distances. Different scaling factors, k, were used for different classes of proton: NOEs between methyl groups, a methyl and a single proton, or two single protons were treated separately. A fourth scaling factor was used for NOEs between amide protons and other single protons. This involves a fundamental change to the DYANA program as the conversion from volumes to distances occurs at the level of target function evaluation. The scaling factors are 'non-Cartesian' parameters of the fit that are optimized simultaneously with torsion angles, either by conjugate gradient minimization, or by simulated annealing. These additional variables can be thought of as nongeometric dimensions and they are assigned a weight, analogous to mass, to scale their rate of change for the Newtonian dynamics. In practice, the reduction in computational speed caused by the additional parameters is offset by an improvement in convergence that appears to result from the implicit flexibility of the distance constraints. As each calculated structure is defined by its own set of scaling factors in addition to the set of torsion angles that defines its geometry, the set of solutions reflects any uncertainty in the calibration as well as alternative fits to the set of distances. The main advantages of the procedure are simple: the details of the calibration are precisely and unambiguously defined, it is fully automatic, and the family of calculated structures cannot be biased by predetermined calibration constants.
Allowance for spin diffusion
The monotonic relationship between NOE intensity and interproton distance may be spoiled by local variations in correlation time, fluctuations in conformation (including aromatic ring flips), or by spin diffusion through networks of closely spaced protons [46] . These complications are interrelated, but the NOEs expected for a given structure can be calculated approximately from the exponential of the matrix of theoretical cross relaxation rates. These values may be replaced by scaled experimental values and the logarithm of the matrix may be taken to obtain distances that take account of spin diffusion [47, 48] . Typically, however, such calculations generate some nonphysical negative cross relaxation rates as a consequence of the failure of the approximation of a rigid molecule and because of inaccuracies in the starting structure. Although mathematical convergence may be achieved by iterative calculations, the accuracy of the distances obtained remains uncertain. Therefore, we use relaxation matrix calculations simply to estimate the errors that might be induced by spin diffusion and then soften all distance constraints accordingly. In effect, this allows for the uncertainty in converting NOE volumes into distances that remains despite having optimized the calibration curve.
The relaxation matrix calculations use the average inverse sixth power of interproton distances from an ensemble of structures and a single correlation time, optimized to fit the set of measured NOEs, with fast methyl group rotation and rapid rings flips taken into account [49] [50] [51] . The calculated values were replaced by scaled NOE intensities and the rmsd of the ratio between the distances found after back transformation and the maximum or minimum distances obtained by automatic calibration in INDYANA was then used to set a parameter for loosening distance constraints to ensure that the scaling factors, that include the variable effects of spin diffusion, do not result in excessively tight constraints.
Torsion angle constraints
Scalar couplings between NH and CaH protons ( 3 J HNHa ) were measured from one-dimensional spectra and the DQF-COSY spectrum and converted into constraints for the backbone torsion angle, f, using the program HABAS together with preliminary structures [52] .
Structure calculation
Disulfide bridges were built by modification of the standard cysteine residue in the DYANA library [53] . A pseudoatom was included instead of the HG atom and a bridge was formed by superimposition of the pseudoatoms on the SG atoms of the other Cys residue, with an upper distance limit of 0.01 nm and a weight 10 times that of other constraints. Covalent links declared in the sequence file cause the DYANA program to ignore van der Waals repulsion across the bridge.
A flexible proline residue was built in a similar fashion by modification of the standard Pro residue, in which the ring is held flat. The CB-CG bond was removed and the ring closed by superimposition of three pseudoatoms with coordinates identical to CG, CD, QG with five new torsion angles. The contribution of these fixed upper limits to the target function was defined as DYANA type 2 [53] to avoid excessive weighting caused by the short distances; all other constraints were of the standard type 1. It is worth noting that the modified program also accepts fixed distances for interproton constraints and will therefore operate in the same manner as DYANA if volume constraints are not used. Stereospecific and pseudo-stereospecific assignments were made with respect to preliminary calculated structures using the program GLOMSA [52] , modified to accept both upper and lower volume constraints.
Structures were calculated from random starting points, following the standard annealing protocol defined in the program DYANA.
Structure evaluation
Cross validation of experimental constraints by random exclusion of subsets is an effective technique for evaluating structures, and a similar insight is provided by testing structures against alternative sources of information. Ramachandran plots are used widely, which is appropriate if the steric repulsions used in the structure calculation are soft, as in the quadratic term used in DYANA, rather than a force field that effectively constrains the structure to the most favoured backbone torsion angles. Predicted H-bonds in structures may also be compared with experimental evidence for the involvement of amide protons in H-bonds, but only if there were no such constraints used in the structure calculation. The detailed quality of agreement between the structure and the input constraints is also an important indication of consistency with experimental data if, as with the measurement of additional maximum NOE volumes used here, the comparison is made with the complete set of volumes and not merely with those which are measured in the first instance. Constraint violations were examined using the program DYANA. Superposition of the family of structures, calculation of the rmsd of atomic coordinates, and preparation of diagrams used MOLMOL [54] . Ramachandran plots were obtained using PRO-CHECK-NMR [55] , and the optimal pattern of H-bonds was calculated using WHAT IF [56] . Finally, chemical shifts were calculated using the program TOTAL [57] .
R E S U L T S A N D D I S C U S S I O N
Assignment
The complete sequence specific assignment of the chimera was carried out by identification of the spin systems using TOCSY and COSY experiments followed by the use of sequential CaH-NH NOEs [58] . The sequential assignment was interrupted by the presence of two proline residues, in which cases the following NOEs were observed: Ha/Hb of the previous residue to the Pro H* and NH of the following residue to the Pro Ha/Hb. The assignments have been deposited at the BioMagResBank, with accession number 5120. The chemical shifts are consistent with the
Structure calculations
From 1174 assigned and integrated cross peaks input into INDYANA, 561 lower and 793 upper volume constraints were obtained. After adjustment for missing stereospecific assignments and elimination of redundant constraints, this yielded 955 lower and 1127 upper volume constraints, an average of 42.5 constraints per amino acid (19.5 lower volume limits and 23.0 upper volume limits), which is summarized in Fig. 1 and Table 1 . In addition, 28 constraints for backbone torsion angles were obtained from 3 J HNHa coupling constants. Structures were calculated using the standard DYANA protocol for simulated annealing with torsion angle dynamics, with four additional dynamic variables for the conversion of volumes to distances. Preliminary structures were checked for possible stereospecific assignments and also for unconstrained short interproton distances. The volumes at the positions of the cross peaks predicted for short distances were measured where possible. Out of 59 nondegenerate methylene and isopropyl groups, 44% were stereospecifically assigned, and pseudo-stereospecific assignments were made for 43% of the NOEs to fast flipping aromatic rings. Relaxation matrix calculations with preliminary structures gave corrected distances that violated the constraints obtained from INDYANA with an rmsd of 5.4%, hence, all converted distances were softened by 6% in the final calculations. The function r ¼ k/ 4 p V was used for converting volumes to distances was chosen after comparing results for r 24 and r 26 . The family of 10 structures with the lowest target functions obtained from 50 random starting structures was chosen to represent the chimera in solution, and is shown in Fig. 2 . The atomic coordinates and constraints have been deposited at the RCSB Protein Data Bank, with accession code 1gk5.
Structure evaluation
The global rmsd per residue for backbone and heavy atoms with respect to the mean of the family of structures is plotted in Fig. 1 . Backbone torsion angles were analysed using Ramachandran plots, excluding Gly, Pro, and terminal residues, and the results are summarized in Table 2 . Hydrogen bonds were identified using the program WHAT IF with default parameters [56] . A total of 14 H-bonds between backbone atoms were detected in 50% or more of the structures. These include all of the amide protons found by Montelione et al. to have exchange rates lower than 2.5 Â 10 24 : min 21 [20], with the exception of Val34 NH, for which no H-bond was found, and Leu15 NH, that formed H-bonds to Arg41 CO in four out of the 10 structures. In addition, a bifurcated H-bond was found involving Asp27 and Ser28 NH with Ile23 CO. An H-bond was also found between Asp46 NH and Gly36 CO in all structures. Significant H-bonds were found for amide protons in sidechains: in particular, bonding of Asn16 NdH to Cys42 CO, and Arg41 N1H to Tyr13 CO appeared in all 10 structures, and Arg41 NhH was bonded to Gly12 CO in eight out of 10 structures. The H-bonds were not used as constraints in the calculation, but these structures predict that the sidechain hydrogen bonds, together with Leu15 NH -Arg41 CO, stabilize the relative orientation of the C-terminal loop. This would explain the dramatic changes in structure and activity caused by mutating residue 41 [28] .
The calculated structures also explain the large secondary structural shifts of Asn16 bCH 2 and Arg41 gCH 2 , which imply relatively rigid sidechain conformations as well as the proximity of a strongly anisotropic or charged group. In fact both residues are close to aromatic groups, Tyr37 and Tyr13, respectively, as illustrated in Fig. 3 . Smaller deviations in chemical shift are found for the Pro7 dCH 2 protons, at 3.4 and 2.7 p.p.m., that do not agree well with calculations based on the structure, 3.9 (0.3) and 3.9 (0.4) p.p.m., although they are within three standard deviations (given in parenthesis). In this case, the standard deviation is large because aromatic ring of Tyr29 is the main contributor to the shifts of Pro7, and its orientation is not well defined. The observed and calculated shifts, excluding amide protons, are compared in Fig. 4 .
Comparison with mEGF structures
Two different groups have deposited solution structures of murine EGF at low pH in the RCSB Protein Data Bank (http://www.rcsb.com), 3egf [21] and 1eph [23] being the most recent. The family of structures in 3egf was computed using 644 distance constraints, 32 dihedral angle constraints and constraints for nine hydrogen bonds. Those of 1eph were computed using 355 distance constraints, 24 torsion angle constraints and constraints for eight hydrogen bonds. Unsurprisingly, PROCHECK-NMR [55] reports a higher effective resolution for the 3egf family than for 1eph, and the resolution of the chimeric structure presented here is similar to that of 3egf, despite the absence of H-bond constraints. Although this is a measure of precision rather than accuracy, it correlates with the comparison of observed and calculated shifts shown in Fig. 4 . The standard deviations of the calculations are 0.36 p.p.m. for 1eph, 0.32 p.p.m. for 3egf, and 0.30 p.p.m. for the chimera, averaged over the 10 best structures in each case.
Two structures from 3egf and 1eph, the first from each family, superimpose with a backbone rmsd of 0.53 nm for residues 1-53, which is uninformative. The mEGF structure has been presented previously as two structural domains, the N-terminal domain (residues Asn 1-Cys33) and the C-terminal domain (residues Asn 32 -Leu 47). The last few residues form a poorly defined tail. The b sheet of the N-terminal domain for 10 EGF and EGF-like structures determined by solution NMR methods have been superimposed by Tejero et al. [24] . These 10 structures exhibited a wide range of relative orientations of the two subdomains. It has also been concluded from 1 H linewidth studies, 15 N and 13 C relaxation rates, and molecular dynamics simulations that multiple orientations of the two subdomains may be in dynamic equilibrium in any one molecule [21,25 -27] . Therefore, rmsd values have been presented separately for the entire molecule (residues 1-50), the entire molecule minus the C-terminal tail (residues 1-47), the N-terminal subdomain (residues 1-33), the C-terminal subdomain (residues 32 -47) and the core (residues 2-6, 18 -23, 26 -38 and 42 -45). Superimposition of the backbones of 3egf and 1eph gave an rmsd of 0.169 nm for residues 6-33 and 0.165 nm for residues 32-47. The overall best structure from the chimera family was superimposed with a structure from each of the previously reported families of structures for mEGF; the results are given in Table 3 . The difference between the backbone of the chimera and the EGF structure is no greater than that found for all the EGF structures, leading to the conclusion that the increased activity of the chimera is not as a result of a structural change.
Significantly, a bond between the NH of residue 15 and the carbonyl of residues 41 was identified in more than 40% of the structures in the family of the chimera (Table 4) . This NH was reported to exchange slowly in hEGF (human EGF) and mEGF [20, 29] and the formation of a Leu15 NH -Arg41 O-H-bond in calculations using a force field effectively defines the relative orientation of the N-and C-terminal domains [29] . As H-bond constraints were not used in the calculation of the chimera structure, this provides strong evidence that the overall structure is unchanged by the modification of the sequence.
Given that the solution structure of mEGF/TGFa 44250 was found to be similar to that of other EGF structures, it is unlikely that the low affinity of the chimera for binding to the majority of cell surface EGFRs [18] results from gross structural changes in the unbound growth factor. The importance of the ligand C-tail for EGFR binding was demonstrated in mutagenesis studies on the conserved Table 1 . Summary of relevant constraints used for calculating the structure of the chimera. The number of individual NOEs, before adjustment for nonstereospecifically assigned protons, is given in parenthesis. Note that the lower limit of the NOE volume determines the upper distance limit (upl ) and the upper volume determines the lower distance (lol ). leucine residue in both EGF (L47) [59] and TGFa (L48) [60] and has been confirmed using transferred NOE enhancement data for titration of TGFa with the EGFR [61] . As the conserved leucine residue was not changed in the chimera, this suggests that nonconserved residues in the C-tail of the growth factor also make important contributions to receptor binding and that these are context dependent, i.e. the altered environment of the TGFa C-tail relative to the main murine EGF structural motif may disrupt interactions required to stabilize the receptor bound form of the ligand. Consistent with this proposal is the report that the C-tail, which is very flexible in the nonbound state and poorly defined by NMR, has restricted mobility upon receptor binding [62] . Interestingly, the secondary structural shifts of the bridging sidechains, Asn16 and Arg41, are larger in the chimera than in EGF, suggesting that the C-loop of the unbound chimera has reduced mobility with respect to the rest of the structure. Further studies of the receptor bound forms of the chimera and other related ligands will be necessary to define the nature of the interactions leading to receptor recognition and dimerization.
C O N C L U S I O N S
Because of the limited supply of the chimeric growth factor, the protein concentration used in this work was about one half of that used in determining the structures 1eph and 3egf [21, 23] . Apart from that, the instrumentation and experimental methods were similar. The difference in approach lies in the methodology for structure calculation: hydrogen bond constraints were not used in this work and NOE Fig. 3 . Ribbon diagram of the secondary structure in residues 5-47 of the overall best structure of the chimera. The three disulfide bridges are also shown, together with the sidechains of Asn16 and Arg41, which form H-bonds to backbone CO groups. The stability of these bonds is implied by large secondary structural shifts of the bCH 2 protons, shown as spheres, which are generated by the rings of Tyr13 and Tyr37. volumes (intensities), not precalibrated distances, were used as input. This work made use of a simple extension of the DYANA procedure [38] for calculating structures from NMR data that is based firmly on experiment, including error bars, and minimizes the possibilities for subjective influence. The protocol ensures that the maximum amount of information is extracted from the spectra and therefore it is possible to account for the effects of spin diffusion simply by loosening constraints, without significant loss of precision. The structures of the chimera were calculated with no electrostatic energy terms. Hence, the accuracy of the solutions obtained here is indicated by the well defined hydrogen bonds found. Several of these were identified in previous studies of EGF, and the backbone fold of the chimera is clearly similar to those of the EGF structures. The presence of a backbone hydrogen bond from the N-to C-terminal domain, which was identified in the hEGF structure [29] , together with those of the sidechains, is particularly significant. The chemical shifts calculated for the chimera clearly support the sidechain orientations, and the pattern of shifts is similar to that found in native EGF. This shows that the relative orientation of the domains is unchanged and the modified activity of the chimera does not result from any major structural alteration. The properties of this chimeric growth factor should therefore help to elucidate the importance of heterodimerization and homodimerization of the EGF receptors. Table 4 . Optimal hydrogen bonds in the family of chimera structures, found using the program WHAT-IF [56] . The total score for the 10 structures is given, which should have a value of 10.0 for a 'perfect' hydrogen bond. 
